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[57] ABSTRACT

A wafer of piezoelectric material is provided with elec-
trodes on opposite surfaces thereof. Frequency fine
tuning of such resonators is accomplished by relatively
thin film of metal applied over the surface of at least one
electrode and the adjacent non-electroded wafer mate-
rial. The metal film is of such small maximum thickness
that it functions as a quasi-insulator and is extremely
stable over prolonged operating conditions so that the
resonator parameters remain constant.

6 Claims, 2 Drawing Figures
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1 .
PIEZOELECTRIC RESONATORS

BACKGROUND OF THE INVENTION

. Field of the Invention

The invention relates to piezoelectric resonators and
somewhat more specifically to improved resonators for
use in electronic filter circuits.

2. Prior Art

Piezoelectric resonators comprised of a relatively
thin wafer of a piezoelectric material having at least one
resonance electrode positioned on a major surface
thereof and having wafer areas adjacent such electrode
which is free of electrodes, along with a dielectric non-
conductive film over the electrode and the adjacent
electrode-less wafer surface areas are known, for exam-
ple from U.S. Pat. No. 3,401,276 (which is incorporated
herein by reference and provides further details con-
cerning such resonators).

With these types of known resonators, electrodes are
applied by vapor deposition so as to bring about a reso-
nance frequency of the thickness shear modulation in
the region of the resonator which is covered by elec-
trodes, which is only 0.8 times the value of the reso-
nance frequency of the resonator in the non-electroded
resonator region. In this manner, the active region of
the resonator, i.e., the region thereof which vibrates, is
concentrated in the electrode-covered region of the
resonator. In order to be able to maintain this favorable
relationship between the resonance frequency in the
electrode region of the resonator and the electrode-less
region of the resonator and to attain a fine frequency
tuning, a coating is additionally applied onto the resona-
tor electrodes and is permitted to extend onto at least
one side of the resonator wafer across the total surface
of the resonator on this side. In this manner, the reso-
nance frequency in the electrode region and the reso-
-nance frequency in the electrode-less region is lowered
and the relationship between these resonance frequen-
cies 1s, essentially, left unaltered. The earlier noted U.S.
Pat. No. 3,401,276 suggests that the coating, which is
provided so as to extend over at least one major surface
of the resonator, be composed of a material which has a
high surface resistance, for example, silicon monoxide
or anodized (i.e., oxidized) aluminum or oxidized tanta-
lum. In other words, the prior art suggest utilizing di-
electric materials having a high Q-value. Otherwise, the
resonance electrodes would again be enlarged in an
undesirable manner. ~

However, the application of a dielectric material
coating is technically relatively expensive and disadvan-
tageous in that the properties of such coating materials
are timedependent. In other words, undesirably large
changes of important operational parameters of the
resonator occur as a result of aging effects, recrystalli-
zation processes and the like.

SUMMARY OF THE INVENTION

The invention provides an improved piezoelectric
resonator of the type above described having a coating
on at least one side of the resonator and extending be-
yond the resonance electrode, which coating eliminates
or at least minimizes changes of important resonator
parameters, such as caused by aging processes or the
like. Accordingly, a resonator constructed in accor-
dance with the principles of the invention exhibits a
high temporal constancy of operational parameters.-
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In accordance with the principles of the invention,
the coating applied onto at least one surface of a piezo-
electric resonator over at least one electrode on such
surface and extending beyond such electrode onto an
adjacent electrode-less region of the resonator is com-
prised of a metal film having a maximum thickness,
(dmax) in nanometers of about 682/0-, wherein oy is the
specific conductance of the selected metal.

Preferably, metal used in forming such coatings are
selected from the group consisting of gold, silver and
aluminum. Such coating can be applied to the select
resonator surface area or region in any select manner,
such as vapor-deposition, sputtering or the like. The
coating is provided on at least one major surface of a
resonator and can extend over the entire surface area.
Alternatively, such coating can be provided with an
opening corresponding to an edge side working surface
of a connecting element which is coupled with a reso-
nance electrode on the opposite side of the resonator
away from the side thereof containing the coating. In
this manner, the coating on one side of a resonator is
separated or insulated from a coating on the other side,
in instances where coatings are provided on both sides
of a resonator. This alternative embodiment is particu-
larly useful in instances where extremely high demands
are placed on the resistance between the working points
of a connecting element for the resonator. Such con-
necting elements are, in each case, connected with only
a resonance electrode on one side of the resonator.

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view, partially in section and
partially in phantom, illustrating an exemplary piezo-
electric resonator embodying the principles of the in-
vention; and | |

FI1G. 2 1s a top view of an alternative embodiment of
a piezoelectric resonator incorporating the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For the purposes of promoting and understanding of
the principles of the invention, reference will now be
made to the embodiments illustrated in the drawings
and specific language will be used to describe the same.
It will nevertheless be understood, that no limitations of
the scope of the invention is hereby intended, such
alterations and further modifications in the illustrated
devices, and such further applications of the principles
of the invention as illustrated therein being contem-
plated as would normally occur to those skilled in the
art to which the invention relates.

In the drawings, like elements are referenced with
like numerals. Referring now to the drawings, there is
shown an operative circular disk-shaped resonator 1
which is, in the exemplary embodiment here under
discussion, a thickness shear modulator and generally
comprises a relatively thin wafer of a piezoelectric ma-
terial having opposing major surfaces 7, each of which
are provided with at least one resonance electrode 2.
The electrodes 2 are illustrated as also being of circular
disk-shape and are preferably positioned concentrically
with the resonator center point 8. The electrodes are
comprised, as is known, of a relatively thin gold, silver
or aluminum film vapor deposited onto the select areas
of a major surface 7 of the resonator 1 so as to have a
select thickness which is such that it exhibits a disre-
gardably low surface resistance. Further, the thickness
of the resonance electrode 2 is selected so that a concen-
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tration of the active vibrating region of the resonator
occurs in the region of the resonance electrodes via a
so-called “‘energy trapping’. It is also to be noted that
the resonance electrodes 2 must coincide with, l.e., be
positioned on, the major surfaces 7 of a resonator.

By proper dimensioning of the diameter of the reso-

nance electrodes relatively to the diameter of the circu-
lar disk-shaped resonator 1, a circular ring-shaped reso-

nator region 9 which is not covered by a resonance
electrodes 1s attained. The region 9, which 1s sometimes
referred to herein as an electrode-less region, is present
on both sides of the resonator 1. The resonator is, to a
large extent, vibration-free in this electrode-less region
so that the resonator can be connected with or grasped
by coupling elements 5 and 3a (FIG. 2) at two periph-
ery points along opposing diameter ends of the resona-
tor without influencing the vibration characteristics
thereof in any manner worth mentioning. In order to
facilitate a connection between the coupling elements 5
or Sa with one of the two resonance electrodes 2, strip-
shaped leads 4 are provided. The leads 4 extend on each
side of the resonator from one resonance electrode to

the working surface of one of the coupling elements 5 or
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Sa and thus extend to opposite peripheral edges of the

resonator. | | |

In order to attain fine frequency tuning of the exem-
plary resonator illustrated in FIG. 1, a coating 3 1s pro-
vided so as to cover the total surface on at least one side
of the resonator. This coating is composed of an ex-
tremely thin metal film, preferably composed of a metal
selected of a group consisting of gold, silver, and alumi-
num. After extensive investigations, it has been deter-
mined that the thickness of metal layer 3 must not ex-
ceed the value of 682/0, in nanometers wherein oy 1S
the specific conductance of the metal comprlsmg the
film. ~

The extremely thin metal films utilized in accordance
with the principles of the invention for fine frequency
tuning are quasi-insulating in that they exhibit such a
large surface resistance that their electrical conduc-
tance capacity cannot take effect in any interfering
manner. These thin metal films, which can be simply
applied onto piezoelectric materials by vapor deposition
or the like, are very resistant to aging or recrystalliza-
tion so that such coatings, which provide the desired
fine frequency tuning of thickness shear modulators, do
not unfavorably change the resonator parameters even
after prolonged periods of time. |

For example, if one selects gold for forming the coat-
ing 3 and substitutes the specific conductance of gold,
43.5, for ox in the expression 682/0, then one obtains
a maximum layer thickness of 15 nanometers for a layer
composed of gold. Similarly, for silver, a maximum
thickness, d,,qx of approximately 11 nanometers results
(specific conductance of silver i1s 62.5) and for a coating

composed of aluminum, a maximum thickness, d;qx of

approximately 18.5 nanometers results (specific conduc-
tance of aluminum is 37).

The extremely thin metal films provided on piezo-
electric bodies function substantially the same as the
coating composed of a dielectric material. In other

words, thin metal films have such large surface resis-

tances that it brings about no undesirable enlargement
of the resonance electrode, in view of the very low
surface resistance of such electrodes.

Despite the extremely small thickness of the coating 3

necessary to achieve fine frequency tuning, it is still

adequate to allow relatively large frequency changes to

23

30

35

40

43

50

35

60

65

4

occur. As is known, the resonance frequencies of thick
shear modulators are in the range of megahertzes. For
example, in an exemplary embodiment, wherein the
coating 3 is comprised of aluminum and was the maxi-
mum thickness above specified, in the case of a reso-

nance frequency of 20 MHz (fundamental vibration), a

maximum frequency change of approximately 4 kHz
can be attained; similarly, when the coating 3 1s com-

‘posed of silver, a maximum frequency change of about

10 kHz can be attained and when the coating 3 1s com-
posed of gold, a maximum frequency of about 26 kHz
can be attained. With a vibration frequency (resonance
frequency) of 25 MHz, the corresponding frequency
changes that can be attained are 7kHz, 16 kHz and 41
kHz respectively. In instances of resonators which are
operated with the third overtone, the resultant maxi-
mum frequency change which can be attained is ap-
proximately 4 kHz in the case of aluminum, approxi-
mately 8 kHz in the case of silver and approximately 20
kHz in the case of gold, with a vibration frequency of 30
MHz. In instances of a vibration frequency of 50 MHz
(3rd overtone), the corresponding frequency change
values are approximately 9, 21 and 35 kHz. In instances
of a vibration frequency of 75 MHz (3rd overtone), the
frequency change values are about 21, 48 and 122 kHz
respectively. All of the foregoing values are applicable
to resonators provided with a coating only on one of
their respective major surfaces. In embodiments where

the coating 1s provided on both major surfaces, of

course, the foregoing values double.

In the exemplary embodiment illustrated at FI1G. 2,
the coating 3a is provided with an opening 6 in the
region of the working surface of the connecting element
5a, which in turn is connected (via the lead 4) with the
resonance electrode 2 on the side of the resonator 1
which is not shown so that in this opening region, the
resonator surface 7 remains uncovered by the coating 3.
In this manner, particularly where high demands are
made with respect to the insulator resistance between
the connecting elements 5 and Sa, or respectively, be-
tween the two resonance electrodes 2, a connection,
even if very highly-ohmic, between the coupling ele-
ments 5 and Sa over the coating 3 is avoided. Embodi-
ments of the invention which utilize such openings in
coating 3 are of particular utility where extremely high
resistant demands between the two coupling elements 5
and Sa exist. |

As is apparent from the foregmng spemﬁcation the
present invention is susceptible of being embodied with
various alterations and modifications which may differ
particularly from those that have been described in the
precedlng specification and description. For this reason,

it is to be fully understood that all of the foregoing 1s

intended to be merely illustrative and 1s not to be con-
strued or interpreted as being restrictive or otherwise
limiting of the present 1 invention, excepting as it 1s set
forth and defined 1n the hereto-appended clalms

I claim as my invention: ‘

1. An operational piezoelectric resonator comprised
of a thin body composed of a piezoelectric material and
having two opposing major surfaces, at least one reso-
nance electrode positioned on at least one of said major
surfaces of such body, said body having regions on said
major surfaces thereof free of said resonance electrodes
and a relatively thin metal coating on said electrode and
extending beyond said electrode onto said body regions
free of electrodes, said metal coating having a maximum
thickness, in nanometers, of about 682/0, wherein oy 18



S

the specific conductance of the metal forming said coat-
ing, said metal being gold. |
2. A piezoelectric resonator as defined in claim 1

wherein said metal coating is provided on at least one

major surface of said resonator and extends over the
total surface area of such major surface.

3. A piezoelectric resonator as defined in claim 1
wherein said metal coating is provided on at least one

major surface of said resonator and is provided with an

opemng corresponding to an edge-side working surface
of a coupling element which is in connection with a
resonance electrode on an opposite major surface from
said one major surface of said resonator, said opening-
containing coating belng insulated from a metal coating
on said opposite major surface.

4. An operational piezoelectric resonator comprlsed
of a thin body composed of a piezoelectric material and
having two opposing major surfaces, at least one reso-
- nance electrode positioned on at least one of said major
surfaces of such body, said body having regions on said
major surfaces thereof free of said resonance electrodes
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and a relatively thin metal coating on said electrode and
extending beyond said electrode onto said body regions
free of electrodes, said metal coating having a maximum
thicknéss, in nanometers, of about 682/0, wherein O x 1S
the specific conductance of the metal forming said coat-
mg, said metal being silver.

5. A piezoelectric resonator as defined in claun 4

wherein said metal coating is provided on at least one
major surface of said resonator and extends over the
total surface area of said major surface.

6. A piezoelectric resonator as defined in claim 4
wherein said metal coating is provided on at least one
major surface of said resonator and is provided with an
opening corresponding to an edgeside working surface
of a coupling element which is in connection with a
resonant electrode on an opposite major surface from
said one major surface of said resonator, said opening-
containing coating being insulated from a metal coating

on said opposite major surface.
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